Introduction {#s1}
============

Chemotherapy is a core component of nearly every cancer treatment plan. [@B23] reported that as many as one million Americans receive chemotherapy each year. Chemotherapy causes many side-effects. Chemotherapy-Induced Nausea and Vomiting (CINV) is one of the most unpleasant and feared side effects of chemotherapy ([@B59]). There are several antiemetic guidelines for managing CINV. The guideline-recommended standard antiemetic prophylaxis for CINV considers only the emetogenicity of the chemotherapeutic agents. The emetogenicity of chemotherapy is divided into four emetic risk categories: (1) minimal, (2) low, (3) moderate, and (4) high. These four categories are divided based on the percentages of patients who suffer from CINV without antiemetics: (1) minimal emetogenetic chemotherapies have less than 10% risks, (2) low emetogenetic chemotherapies (LEC) have 10% to 30% risks, (3) moderate emetogenetic chemotherapies (MEC) have 30% to 90% risks, and (4) high emetogenetic chemotherapies (HEC) have more than 90% risks.

Several patient-related factors affect the risk of CINV. However, none of the guidelines considers those factors except the NCCN guidelines suggesting that regimens be chosen based on the drug with highest emetic risk as well as patient-specific risk factors ([@B48]). As seen in the emetic risk categories, not all patients have the similar emetic risk of CINV. Despite improvements in CINV management, as many as two-thirds of patients still experience some degree of CINV. Several recent studies reported various percentages of CINV occurrence with use of antiemetics: from 28% at best to 62% at worst \[28% ([@B32]), 38%--52% ([@B20]), 56.1% ([@B41]), 61.2% ([@B21]), and 62% ([@B9])\]. As a result, physicians use their personal experiences with the treatment of CINV, which leads to inconsistent management of CINV.

There is a lack of comprehensive review of the literature and meta-analysis for summarizing the patient-related risk factors of CINV. Warr ([@B66]) summarized seven patient-related risk factors that had been found in at least two clinical trials of substantial size. The author noted that "the number of patient characteristics found in at least univariate analysis to influence the chance of emesis is sufficiently large that it is not possible to list all of them." Most of the CINV-related review articles focused on the review of guidelines and review of CINV prophylaxis ([@B46]; [@B1]; [@B34]).

The objective of this study was to identify patient-related factors that significantly impact the risk of CINV by conducting a systematic review of the literature. The reporting of this systematic review follows the "Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)" guideline ([@B40]).

Methods {#s2}
=======

Data Sources {#s2_1}
------------

In June 2019, we used PubMed to search the MEDLINE database for eligible articles. The search terms are related to the following terms: antiemetics, CINV and risk factors. We used a comprehensive search strategy to ensure retrieval of all relevant documents in MEDLINE. [**Table 1**](#T1){ref-type="table"} presents the entire search strategy.

###### 

PubMed Search Strategy.

  -------------------------------------------------------- -----------------------------------------------------------------------------------
  **Search Topic**                                         **Search Strategy**

  **Antiemetics**                                          1\. "antiemetics"\[All Fields\]\
                                                           2. "antiemetics"\[MeSH Terms\]\
                                                           3. "antiemetics"\[Pharmacological Action\]\
                                                           4. OR (1,2,3)

  **CINV**                                                 5\. "CINV"\[All Fields\]

  **Chemotherapy**                                         6\. "drug therapy"\[MeSH Terms\]\
                                                           7. "drug"\[All Fields\] AND "therapy"\[All Fields\]\
                                                           8. "drug therapy"\[All Fields\]\
                                                           9. "chemotherapy"\[All Fields\]\
                                                           10. "antineoplastic agents"\[MeSH Terms\]\
                                                           11. "antineoplastic"\[All Fields\] AND "agents"\[All Fields\]\
                                                           12. "antineoplastic agents"\[All Fields\]\
                                                           13. "antineoplastic"\[All Fields\] AND "agent"\[All Fields\]\
                                                           14. "antineoplastic agent"\[All Fields\]\
                                                           15. "antineoplastic agents"\[Pharmacological Action\]\
                                                           16. OR (6-15)

  **Nausea**                                               17\. "nausea"\[MeSH Terms\]\
                                                           18. "nausea"\[All Fields\]\
                                                           19. OR (17, 18)

  **Vomiting**                                             20\. "vomiting"\[MeSH Terms\]\
                                                           21. "vomiting"\[All Fields\]\
                                                           22. OR (20, 21)

  **Chemotherapy Induced Nausea and/or Vomiting (CINV)**   23\. OR (19, 22)\
                                                           24. AND (16, 23)\
                                                           25. OR (5, 24)

  **Risk Factors**                                         26\. "risk factors"\[MeSH Terms\]\
                                                           27. "risk"\[All Fields\] AND ("factors"\[All Fields\] OR "factor"\[All Fields\])\
                                                           28. "risk factors"\[All Fields\]\
                                                           29. "risk factor"\[All Fields\]\
                                                           30. OR (26-29)

  **English Language**                                     31\. English\[Lang\]

  **Final Search Query**                                   32\. AND (4, 25, 30, 31)
  -------------------------------------------------------- -----------------------------------------------------------------------------------

Inclusion and Exclusion Criteria {#s2_2}
--------------------------------

The inclusion criteria include: (1) studies that reported patient-related risk factors of CINV, (2) any kind of clinical studies including prospective, retrospective, clinical trial, cross-sectional, cross-over, and case-control studies, (3) studies that do not provide any concomitant cancer treatment such as radiotherapy or surgery, and (4) adult patient population. We excluded any articles not written in English.

Study Selection and Data Extraction {#s2_3}
-----------------------------------

The study selection was performed in two steps. In the first step, we read the titles and abstracts of the citations by the search query to screen the articles based on the inclusion/exclusion criteria. In the second step, we read the full text of the citations selected by the first step. The search criteria did not limit by publication date; the earliest eligible article was published in 1989.

We abstracted information from the eligible full-text articles. [**Table 2**](#T1){ref-type="table"} presents the extracted information that includes the authors and year, study type, number of patients, type of cancer, emetic risk of the chemotherapy, and the factors that were identified as the predictors of CINV.

Data Analysis {#s2_4}
-------------

We extracted odds ratios and lower and upper value of 95% CI from each study if reported. Otherwise, an odds ratio was computed from the derived results. In order to provide a quantitative overview of the effect size of each risk factor, we performed meta-analysis of odds ratios applying the random effect model using the "meta" package in R ([www.r-project.org](www.r-project.org)). DerSimonian-Laird estimate ([@B11]) was used for the random effects model. We created forest plots using the forest function in the "meta" package in R.

Results {#s3}
=======

[**Figure 1**](#f1){ref-type="fig"} presents the trial flow diagram used to identify the eligible articles for this study. A total of 514 articles were identified through the searches conducted in PubMed. We identified an additional 12 articles by reviewing the list of references. The titles and abstracts of those 526 articles were then screened for eligibility. A total of 441 articles were excluded based on title and abstract review because they did not meet the inclusion criteria described in the methods section. The remaining 85 articles were assessed in full-text for eligibility and data extraction. We excluded a total of 36 articles after full-text review. Finally, we included 49 articles in this study to elucidate the patient-related risk factors (n=49).

![Trial flow diagram.](fphar-11-00329-g001){#f1}

[**Table 2**](#T2){ref-type="table"} presents the patient-related risk factors from the 49 studies. Among those 49 studies, 18 studies were multicenter study and 31 studies were single-center study. The study types include retrospective (n = 6), prospective (n = 29), clinical trial (n = 11), cross-sectional (n = 1), cross-over (n = 1), and case-control (n = 1). The studies were performed in various countries around the world: USA (n = 6), Canada (n = 4), Singapore (n = 3), Italy (n = 3), Germany (n = 1), Japan (n = 18), Korea (n = 3), Malaysia (n = 1), Netherlands (n = 1), Sweden (n = 1), Taiwan (n = 1), UK (n = 1); four studies were performed in multiple countries (n = 6). A total of 21,569 patient-records were analyzed in the 49 studies. Fifteen studies focused on any cancer including both solid and hematological malignancies (n = 15), eleven studies focused on solid cancers only (n = 11), and 23 studies focused on a specific type of cancer: breast cancer (n = 10), colorectal cancer (n = 3), gastrointestinal cancer (n = 3), lung cancer (n = 1), gynecologic cancer (n = 3), and ovarian cancer (n = 1). Most of the research studied high and moderate emetic risk of the chemotherapies: high emetic risk only (n = 14), moderate emetic risk only (n = 11), low emetic risk only (n = 2), both high and moderate risk chemotherapies (n = 18), both moderate and low risk chemotherapies (n = 1), and high, moderate, and low risk chemotherapies (n = 3).

###### 

Patient-related risk factors of Chemotherapy-Induced Nausea and Vomiting (CINV).

  Author (Year)   \# Patients   Cancer types         Emetic risk               Identified risk factors
  --------------- ------------- -------------------- ------------------------- --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  ([@B57])        182           Gynecologic cancer   moderate                  age
  ([@B63])        825           Solid                high                      age, female sex
  ([@B25])        210           Any cancer           low                       history of CINV, performance status
  ([@B35])        103           Breast               high                      Age \<=55, BMI, alcohol intake
  ([@B47])        73            Breast               High                      Age \<55
  ([@B24])        222           Any cancer           low                       history of nausea/vomiting
  ([@B18])        186           Gastrointestinal     High                      Female sex
  ([@B64])        74            Lymphoma             High                      Female sex, age \<60, performance status, alcohol intake
  ([@B15])        1,198         Any cancer           High, moderate and low    Age \<60, expectancy of CINV, number of hours of sleep the night before the chemotherapy, history of morning sickness, prior CINV, first cycle of chemotherapy
  ([@B62])        190           Colorectal           moderate                  history of motion sickness
  ([@B37])        134           Breast               High and moderate         history of nausea/vomiting, chronotypes
  ([@B60])        370           Colorectal           Moderate                  Female sex
  ([@B12])        94            Gynecologic cancer   High, moderate, and low   age, alcohol intake, working status, history of CINV, state anxiety
  ([@B2])         192           Gastrointestinal     High and moderate         Female sex
  ([@B52])        332           Solid                High and moderate         Age \<55, low alcohol intake, prior CINV, expectancy of CINV
  ([@B29])        898           Any cancer           High and moderate         Female sex
  ([@B39])        214           Gynecologic cancer   High and moderate         history of morning sickness, younger age
  ([@B31])        779           Any cancer           High and moderate         female sex, Age \< 60
  ([@B44])        991           Any cancer           High and moderate         history of CINV, younger age, anxiety, expectancy of CINV
  ([@B36])        133           Lung                 High and moderate         None
  ([@B61])        1,910         Any Cancer           High and moderate         Younger age, female sex, history of motion sickness, history of pregnancy-related nausea/vomiting, history of morning sickness and \# of drinks per week \< 5
  ([@B43])        991           Solid                High and moderate         Age \< 50, nausea before chemotherapy, prior CINV, history of CINV, anxiety, female sex
  ([@B45])        92            Any cancer           Moderate                  Age \< 67, female sex
  ([@B19])        72            Gynecologic cancer   Moderate                  Comorbidity (hypertension), history of pregnancy-related nausea/vomiting
  ([@B7])         405           Breast               Moderate                  None
  ([@B42])        336           Solid                High, moderate and low    Younger age, history of nausea/vomiting, trait anxiety, pain, first cycle of chemotherapy
  ([@B55])        1,549         Any cancer           High and moderate         Female sex, age \< 55 years, poor performance status, low alcohol intake (nonhabitual drinker) and nonsmoking habit
  ([@B8])         156           Gastrointestinal     Moderate                  Prior CINV and moderate to severe anxiety
  ([@B17])        41            Colorectal           Moderate                  Female sex and prior CINV
  ([@B67])        710           Solid                High and moderate         Fear of dying, fear of the worst, unable to relax, hot/cold sweats, nervousness, faintness, numbness
  ([@B27])        25            Solid                Moderate                  Pretreatment ratio of substance-p and 5-HIAA/creatinine \> 70
  ([@B6])         324           Solid                Moderate                  Age \< 50
  ([@B28])        277           Any cancer           High and moderate         Age \< 65, female sex, \# of drinks per week \< 5
  ([@B5])         358           Breast               High                      Asian race, private insurance, age ≤ 50 and GERD
  ([@B65])        866           Breast               Moderate                  Age \< 55, \# of drinks per week \< 5, history of morning sickness
  ([@B22])        158           Breast               High                      Race
  ([@B26])        1,043         Solid                High                      Female sex, age \<65, \# of drinks per week \< 5
  ([@B54])        1,696         Any cancer           High and moderate         Breast cancer, age \< 40, expectancies and perceived susceptibility to nausea
  ([@B56])        91            Breast               High                      Anxiety, prior CINV
  ([@B13])        200           Any cancer           High and moderate         Age \< 40, gynecologic or genitourinary cancer, cancer stage I/II, no existing comorbidity, \# of drinks per week \< 7, chemotherapy cycle no. \< 3, nonprescription drugs for emesis control before chemotherapy
  ([@B50])        200           Any cancer           High and moderate         Age \< 40, prior CINV, nausea/vomiting before chemotherapy, history of morning sickness, nonprescription drugs for emesis control before chemotherapy, chemotherapy cycle no. \< 3, lower number of hours slept before the night of chemotherapy
  ([@B10])        691           Any cancer           High                      Expectancy of CINV
  ([@B3])         143           Breast               Moderate and low          Age \< 40, no existing comorbidity, recent surgery, expectancy of CINV, \# of drinks per week \< 7, no food before chemotherapy, history of morning sickness
  ([@B53])        201           Breast               High and moderate         Expectancy of CINV
  ([@B38])        400           Solid                High                      Female sex
  ([@B49])        832           Any cancer           High and moderate         Social functioning \< 70, prechemotherapy nausea, female sex, \# of drinks per week \< 10
  ([@B30])        101           Ovarian              High                      Tumor burden ≥ 2cm, age ≥ 55
  ([@B16])        92            Solid                High                      Female sex, recurrent cancer
  ([@B51])        209           Solid                High                      Age ≤ 55, female sex and poor performance status

We present the patient-related factors in two categories: the factors that were identified as the risk factors of CINV and the factors that were included in the data analysis and found to be insignificant.

CINV Risk Factors {#s3_1}
-----------------

### Age {#s3_1_1}

Age was analyzed in 44 studies among which 27 studies ([@B51]; [@B30]; [@B3]; [@B13]; [@B50]; [@B26]; [@B54]; [@B65]; [@B5]; [@B6]; [@B28]; [@B42]; [@B55]; [@B43]; [@B45]; [@B61]; [@B12]; [@B31]; [@B39]; [@B44]; [@B52]; [@B15]; [@B64]; [@B35]; [@B47]; [@B57]; [@B63]) confirmed that age is a risk factor of CINV. Out of those 27 studies, 26 studies confirmed that younger patients are at higher risk of CINV than older patients (p \< 0.05). However, the age threshold varied from 40 to 67 in 21 studies ([@B51]; [@B30]; [@B3]; [@B13]; [@B50]; [@B26]; [@B54]; [@B65]; [@B5]; [@B6]; [@B28]; [@B55]; [@B33]; [@B45]; [@B31]; [@B52]; [@B15]; [@B64]; [@B35]; [@B47]; [@B63]) and six studies ([@B42]; [@B61]; [@B12]; [@B39]; [@B44]; [@B57]) considered age as a continuous variable in which five studies reported required results for computing the summary odds ratio. The thresholds were as follows: age \< 40 (n = 4), age ≤ 50 (n = 3), age ≤ 55 (n = 7), age \< 60 (n = 4), age \< 65 (n = 2), and age \< 67 (n = 1) (see [**Table 2**](#T2){ref-type="table"}). Out of the 21 studies that analyzed the age risk factor using a threshold, we were able to extract odds ratio for 19 studies. The overall odds ratio was estimated to be 2.59 (95% CI 2.18--3.07); [**Figure 2**](#f2){ref-type="fig"} presents a forest plot of those 19 studies. The forest plot of the five studies that regarded age as a continuous variable (1 year increment) is shown in [**Figure 3**](#f3){ref-type="fig"}, and the summary odds ratio was estimated to be 0.96 (95% CI 0.95--0.98). This means that the risk of CINV is reduced by 4% with the increase of age by 1 year.

![Forest plot of Chemotherapy-Induced Nausea and Vomiting (CINV) risk factor (age = younger).](fphar-11-00329-g002){#f2}

![Forest plot of Chemotherapy-Induced Nausea and Vomiting (CINV) risk factor (age in 1 year increment).](fphar-11-00329-g003){#f3}

### Sex {#s3_1_2}

Sex was analyzed in 32 studies and of those, 18 studies confirmed that female patients are at higher risk of CINV than male patients (p \< 0.05). We were able to extract odds ratio from 17 studies (see the forest plot in [**Figure 4**](#f4){ref-type="fig"}), and the summary odds ratio was estimated to be 2.79 (95% CI 2.26--3.44).

![Forest plot of Chemotherapy-Induced Nausea and Vomiting (CINV) risk factor (sex = female).](fphar-11-00329-g004){#f4}

### Alcohol Intake {#s3_1_3}

The impact of chronic alcohol consumption habits on CINV was studied in 32 studies, in which 12 studies confirmed that patients with lower alcohol intake are at higher risk of CINV (p \< 0.05). Eight studies defined low alcohol intake on the basis of the number of standard drinks per week; the thresholds were \< 4 drinks ([@B52]) (n = 1), \< 5 drinks ([@B26]; [@B65]; [@B28]; [@B61]) (n = 4), \< 7 drinks ([@B3]; [@B13]) (n = 2), and \<10 drinks ([@B49]) (n = 1). Four studies defined low alcohol intake as nonhabitual drinker ([@B55]; [@B12]; [@B64]; [@B35]). We were able to extract odds ratio from 10 studies out of 12 studies. The forest plot of these 10 studies ([@B3]; [@B13]; [@B26]; [@B65]; [@B28]; [@B55]; [@B61]; [@B52]; [@B64]; [@B35]) are presented in [**Figure 5**](#f5){ref-type="fig"}, and the summary odds ratio was estimated to be 1.94 (95% CI 1.68--2.24). It is important to acknowledge that the studies may have inherent biases due to the limitations of measuring alcohol use.

![Forest plot of Chemotherapy-Induced Nausea and Vomiting (CINV) risk factor (alcohol = low).](fphar-11-00329-g005){#f5}

### History of Nausea/Vomiting {#s3_1_4}

A total of 25 studies analyzed the history of nausea/vomiting including history of nausea/vomiting (unspecified), history of CINV, prior CINV, and history of pregnancy related nausea/vomiting. Six studies reported that patients experiencing CINV during the prior chemotherapy treatment cycle are at higher risk of CINV during their current cycle (summary odds ratio 5.14, 95% CI 4.15--6.36). Also, four studies reported that the patients with history of CINV at an earlier treatment were at higher risk of CINV (summary odds ratio 1.67, 95% CI 1.41--1.99). Two studies found that female patients experiencing severe nausea/vomiting during their prior pregnancies are at higher risk of CINV (summary odds ratio 2.10, 95% CI 0.96--4.60). Three studies reported history of nausea/vomiting as unspecified and found significant impact on CINV (summary odds ratio 2.65, 95% CI 1.87--3.74). The summary odds ratio for all of the studies was estimated to be 3.13 (95% CI 2.40--4.07) as shown in [**Figure 6**](#f6){ref-type="fig"}.

![Forest plot of Chemotherapy-Induced Nausea and Vomiting (CINV) risk factor (history of CINV and/or pregnancy-related nausea/vomiting).](fphar-11-00329-g006){#f6}

### History of Morning Sickness {#s3_1_5}

Six studies (out of 15 studies that analyzed this variable) found that patients who experienced morning sickness were at higher risk of CINV ([@B3]; [@B50]; [@B65]; [@B61]; [@B39]; [@B15]). We computed the odds ratio from five studies and the forest plot of those studies are presented in [**Figure 7**](#f7){ref-type="fig"}. The overall summary odds ratio was estimated to be 1.97 (95% CI 1.46--2.65, p \< 0.05).

![Forest plot of Chemotherapy-Induced Nausea and Vomiting (CINV) risk factor (history of morning sickness = yes).](fphar-11-00329-g007){#f7}

### Anxiety {#s3_1_6}

Moderate to high anxiety was found to be a risk factor of CINV in six studies (p \< 0.05), out of 12 studies that analyzed that variable. Most of the studies determined the level of anxiety using a Likert scale (e.g., a four-point Likert scale is graded as none, mild, moderate, and high) or a 0--100-mm visual analog scale (VAS). We computed odds ratio from four studies. Three studies out of the four studies considered anxiety as a categorical variable (anxiety = yes or, no) and estimated summary odds ratio was 2.57 (95% CI 1.94--3.40) as shown in [**Figure 8**](#f8){ref-type="fig"}. [@B44] considered anxiety as a continuous variable (0--100-mm VAS) and reported overall odds ratio to be 1.01 (95% CI 1.01--1.01). [@B67] used the Beck Anxiety Inventory (BAI) to capture the state of anxiety using 21 anxiety-related symptoms. This study reported that seven anxiety-related symptoms were strongly related to the CINV (p \< 0.05): fear of dying, fear of the worst, unable to relax, hot/cold sweats, nervousness, faintness, and numbness.

![Forest plot of Chemotherapy-Induced Nausea and Vomiting (CINV) risk factor (anxiety = yes).](fphar-11-00329-g008){#f8}

### Expectancy of CINV {#s3_1_7}

Patients who expect nausea/vomiting after their chemotherapy, regardless of previous experience, are more likely to experience CINV. This attribute was analyzed in 10 studies, out of which seven studies confirmed the hypothesis (p \< 0.05). Odds ratios were extracted from six studies. Five studies out of the six studies treated this variable as categorical (yes or no) and estimated summary odds ratio was 2.61 (95% CI 1.69--4.02), as shown in [**Figure 9**](#f9){ref-type="fig"}. [@B44] considered expectancy of nausea as a continuous variable (0--100-mm VAS) and reported the odds ratio to be 1.012 (95% CI 1.006--1.018) in acute phase and 1.011 (95% CI 1.005--1.016) in delayed phase.

![Forest plot of Chemotherapy-Induced Nausea and Vomiting (CINV) risk factor (expectancy of cinv = yes).](fphar-11-00329-g009){#f9}

### Chemotherapy Cycle Number {#s3_1_8}

This variable was analyzed in seven studies, of which, two studies ([@B13]; [@B50]) demonstrated that patients in earlier cycles (cycle no. \< 3) are at higher risk of CINV. A similar result was reported by [@B42] and [@B15] that patients in the first-cycle of chemotherapy are at higher risk of CINV. However, [@B56], [@B24] and [@B12] found no relation of chemotherapy cycle numbers to the risk of CINV.

### Comorbidities {#s3_1_9}

Two out of seven studies showed that existing comorbidities (such as diabetes, cardiovascular, gastrointestinal, musculoskeletal, thyroid, and other diseases) reduce the risk of CINV ([@B3]; [@B13]) (summary odds ratio: 2.32, 95% CI 1.55--3.48, p \< 0.05, see the forest plot in [**Figure 10**](#f10){ref-type="fig"}). This is consistent with the result as reported in [@B19], which demonstrated that hypertension medication reduces the risk of CINV in the overall phase (odds ratio: 0.096, 95% CI 0.016--0.585, p \< 0.05). In contrast, [@B5] reported that Gastroesophageal Reflux Disease (GERD) increases the risk of CINV (odds ratio: 3.32, 95% CI 1.15--9.31, p \< 0.05) and [@B37] reported that late chronotype increases the risk of CINV (odds ratios: acute phase = 3.62, 95% CI 1.33--9.86, p \< 0.05; delayed phase = 3.3, 95% CI 1.24--8.77, p \< 0.05, overall phase = 3.53, 95% CI 1.27--9.79, p \< 0.05).

![Forest plot of Chemotherapy-Induced Nausea and Vomiting (CINV) risk factor (no existing comorbidity = yes).](fphar-11-00329-g010){#f10}

### Cancer Type {#s3_1_10}

This risk factor was analyzed in 15 studies. Only two studies found that specific cancers have effect on the risk of CINV: breast cancer increased the risk (overall phase odds ratio: 1.59, 95% CI 1.1--2.38, p \< 0.05) ([@B54]) and genitourinary or gynecologic cancer reduced the risk in the acute phase (odds ratio: 0.49, 95% CI 0.3--0.8, p \< 0.05) ([@B13]). Because almost breast cancer patients are female and female patients are at higher risk of CINV, there might be a collinearity between these two factors.

### Performance Status (PS) {#s3_1_11}

PS, as estimated by the Eastern Cooperative Oncology Group (ECOG) PS scale, is graded at six levels from 0 to 5, where a value greater than one indicates poor PS (i.e., a patient is not fully active). This variable was analyzed in nine studies, out of which four studies reported that poor PS is a risk factor of CINV ([@B51]; [@B55]; [@B64]; [@B25]). The overall odds ratio was estimated to be 2.88 (95% CI 1.41--5.91, p \< 0.05, see the forest plot in [**Figure 11**](#f11){ref-type="fig"}).

![Forest plot of Chemotherapy-Induced Nausea and Vomiting (CINV) risk factor (poor performance status = yes).](fphar-11-00329-g011){#f11}

### Race {#s3_1_12}

Five studies analyzed the impact of race on CINV, of which two studies demonstrated that patients from certain races are at higher risk of CINV. [@B5] reported that Asian female breast cancer patients are at higher risk of CINV than Caucasian, African American, and Hispanic breast cancer patients (the overall phase odds ratio was 2.12 and 95% CI was 1.18--3.81, p \< 0.05). [@B22] studied the three races in Malaysia (Malay, Chinese, and Asian Indians) and found that the Chinese patients were at higher risk of CINV in comparison to the other two races.

### Use of Nonprescription Drugs {#s3_1_13}

Two studies demonstrated that the use of nonprescription drugs at home before chemotherapy, for nausea and vomiting control, significantly increased the risk of CINV ([@B13]; [@B50]). Both studies analyzed the same dataset separately for the acute and delayed phase of CINV. The names of the nonprescription drugs were not reported in those studies. The odds ratios were 2.49 for the acute phase (95% CI 1.4--4.43, p \< 0.05) ([@B13]) and 11.93 (95% CI 5.26--26.8, p \< 0.05) ([@B50]) for the delayed phase.

### History of Motion Sickness {#s3_1_14}

Three out of 25 studies reported that the history of motion sickness is a risk factor of CINV ([@B56]; [@B61]; [@B62]). Motion sickness is defined as sickness that is caused due to motion while traveling by car, train, airplanes, or boats. [@B61] reported the odds ratio to be 2.183 (95% CI 1.292--3.689, p \< 0.05) for acute phase and [@B62] reported that the odds ratio to be 3.89 (95% CI 1.49--10.19, p \< 0.05) for delayed phase.

### Cancer Stage {#s3_1_15}

There are five stages in cancer: stage 0, I, II, III, and IV. The variable "cancer stage" was analyzed in eight studies but only one study reported that patients with early stages of cancer (stages I and II) are at higher risk of CINV during the acute phase (odds ratio: 1.68, 95% CI 1.08--2.62, p \< 0.05) ([@B13]); the reasoning behind this finding was not discussed in this study. In contrast, cancer stage was reported to be insignificant for developing CINV during the delayed phase using the same dataset ([@B50]).

### Sleeping Before Chemotherapy {#s3_1_16}

[@B50] reported that with decreased hours of sleep in the night before chemotherapy, the probability of CINV during delayed phase increased (odds ratio: 1.163, 95% CI 1.053--1.299, p \< 0.05). Similar results was reported by [@B15] for overall phase (odds ratio: 1.34, 95% CI 1.1--1.48, p \< 0.05). In contrast, this variable had no significant impact on developing CINV during acute phase using the same dataset ([@B14]). There are two other studies that analyzed the variable, but found no impact on developing CINV.

### Meal Before Chemotherapy {#s3_1_17}

[@B3] reported that having no food before chemotherapy increased the probability of CINV in the acute phase (odds ratio: 6.81, 95% CI 2.5, 18.6, p \< 0.05). As such, this study suggested that the importance of eating a small amount of food prior to treatment should be emphasized during prechemotherapy education so that the risk of developing CINV could be reduced. Three other studies found no impact on CINV.

### Recent Surgery {#s3_1_18}

[@B3] reported that having surgery within the past three months of chemotherapy increased the probability of CINV in the acute phase (odds ratio: 3.8, 95% CI 1.35--11, p \< 0.05). Two other studies found no impact on CINV.

### Smoking History {#s3_1_19}

Four studies conducted in Japan by [@B55], [@B19], [@B35], and [@B47] analyzed the impact of smoking on CINV. Only Sekine and colleagues [@B55] reported that nonsmokers are at higher risk of CINV than smokers in the acute phase (odds ratio: 2.02, 95% CI 1.54--2.64, p \< 0.05).

### Neurotransmitter Measurements {#s3_1_20}

Substance-P and 5-HIAA/creatinine are two neurotransmitter measurements that are measured from blood and urine sample respectively. [@B27] studied the correlation of these neurotransmitters with the development of CINV due to moderately emetogenic chemotherapy (MEC). This study reported that the ratio of substance-P to 5-HIAA/creatinine greater than 70 is significantly associated with the development of CINV during delayed phase due to MEC (odds ratio: 34.667, 95% CI 3.056--393.203, p \< 0.05).

### Private/Public Insurance {#s3_1_21}

[@B5] performed a study on breast cancer patients and demonstrated that patients having private health insurance are at higher risk of CINV than the ones having public health insurance such as state or federally funded insurances (odds ratio: 2.13, 95% CI 1.23--3.78, p \< 0.05).

### Social Functioning {#s3_1_22}

Social functioning is a variable within the health-related quality-of-life (HQL) indicator. [@B49] reported that a social functioning score less than 70 is a significant predictor of CINV. The social functioning score is measured by the European Organization for Research and Treatment (EORTC) Core Quality of Life Questionnaire (QLQ-C30). The score ranges from 0 to 100, and a higher score indicates a higher level of functioning.

### Nausea/Vomiting Before Chemotherapy {#s3_1_23}

[@B50] demonstrated that acute nausea/vomiting before chemotherapy is a significant predictor of CINV during the delayed phase (odds ratio 4.38, 95% CI 2.16--8.90), but not in the acute phase ([@B13]). Both of these studies ([@B13]; [@B50]) used the same dataset. [@B43] also supported that nausea prior to chemotherapy was a predictor of CINV, but this finding was significant for both the delayed and the acute phases. The overall summary odds ratio was estimated to be 1.98 (95% CI 1.34--2.93, p \< 0.05) as presented in the forest plot in [**Figure 12**](#f12){ref-type="fig"}.

![Forest plot of Chemotherapy-Induced Nausea and Vomiting (CINV) risk factor (nausea/vomiting before chemotherapy).](fphar-11-00329-g012){#f12}

### Tumor Burden {#s3_1_24}

Tumor burden/load is indicative of the amount of cancer in the body. [@B30] categorized the tumor burden into two groups: (1) minimal tumor burden was defined as the diameter of the greatest residual tumor being less than two centimeters, and (2) large tumor burden was defined as the diameter of the greatest residual tumor being greater or equal to two centimeters. This study reported that the ovarian cancer patients with larger tumor burdens are at higher risk of CINV.

### Cancer Recurrence (New/Recurrent) {#s3_1_25}

[@B16] demonstrated that recurrent cancer patients are at higher risk of CINV than new cancer patients.

### Symptom Distress Score {#s3_1_26}

[@B42] used Symptom Distress Score to measure the symptoms present before chemotherapy. This scale measures the symptom distress for a total of 13 items such as nausea, appetite, insomnia, pain, fatigue, bowel pattern, concentration, appearance, outlook, breathing, cough, frequency of nausea, and frequency of pain. [@B42] reported that out of these 13 items, only pain was linked with the development of CINV (overall phase odds ratio: 1.69, 95% CI 1.03--2.77, p \< 0.05).

### Body Mass Index (BMI) {#s3_1_27}

BMI was analysed in five studies. [@B35] reported that BMI \<27.5 kg/m^2^ are at higher risk of CINV (odds ratio: acute phase −4.19, 95% CI 1.15--15.26, p \< 0.05; overall phase −3.94, 95% CI 1.11--13.98, p \< 0.05).

### Working Status {#s3_1_28}

In a study with gynecologic cancer by [@B12], women who were involved in a working activity (both part-time and full-time) during chemotherapy treatments may experience less CINV (acute phase odds ratio 0.088, p=0.002 and delayed phase odds ratio 0.331, p=0.045) ([@B12]).

Nonsignificant Factors {#s3_2}
----------------------

A total of 17 patient-related factors were found to be insignificantly associated to the prediction of CINV in any study. These factors are history of previous chemo (n=6), depression, (n=2), education (n=2), marital status (n=1), religion (n=1), weight (n=1), frequency of chemotherapy cycle (n=1), number of risk factors (n=1), drowsiness (n=1), neuroticism (n=1), autonomic perception (n=1), menopause (n=1), defecations (bowel movement) (n=1), history of radiotherapy (n=1), opioid use (n=1), social jetlag (n=1), ascites (n=1), opioid use (n=1), and time since diagnosis (n=1).

Discussion {#s4}
==========

A significant amount of research has been performed to identify patient-related risk factors of CINV. We have identified 49 studies through a systematic literature review. These studies analyzed a total of 47 patient-related variables. Among them, 28 factors were found to have a significant positive impact on the risk of CINV. Three factors are demographic-related: younger patients, female sex, and Asian race. A total of 17 factors are innate to patient\'s physiology or influenced by physiology, and may alter the pathophysiology of CINV (i.e., intrinsic); these factors include history of CINV or pregnancy-related nausea/vomiting, anxiety, expectancy of CINV, absence of comorbidities, cancer type (i.e., breast, genitourinary or gynecologic cancer), history of morning sickness, poor PS, history of motion sickness, early stage of cancer, lower number of hours of sleep before chemotherapy, recent surgery within the past three months, a higher ratio of neurotransmitter measurements, nausea/vomiting before chemotherapy, larger tumor burden, recurrent cancer, higher symptom distress score, and BMI. Seven factors may influence the pathophysiology of CINV and are external in nature (i.e., extrinsic). These factors include low alcohol intake, patients at earlier cycles (≤ 3) of chemotherapy, use of nonprescription drugs at home for emesis control before chemotherapy, no food intake before chemotherapy, nonsmoking habit, having private insurance, low social functioning, and working status.

None of the studies considered all the 47 variables together in their studies. The average number of variables included per study was 6.55 with a minimum of 1 and a maximum of 16 (median = 5 and standard deviation = 3.69). The average number of significant risk factors that were reported per study was 2.67 with a minimum of 0 and a maximum of 7 (median = 2 and standard deviation = 1.87). The maximum number of patient-related risk factors that were reported by a single study was 7 (n=3) ([@B3]; [@B13]; [@B50]) followed by 6 (n=2) ([@B61]; [@B15]) and 5 (n=4) ([@B42]; [@B55]; [@B43]; [@B12]).

[**Table 3**](#T3){ref-type="table"} presents the seven most important risk factors that were identified by at least five studies with notable summary odds ratios. These factors can be captured readily at the time of clinical encounters or assessment, and be used in the process of clinical decision making. It would be most useful if a validated clinical decision making tool such as risk scoring could be produced based on those risk factors and the emetogenicity of chemotherapies.

###### 

Important risk factors of Chemotherapy-Induced Nausea and Vomiting (CINV).

  Risk factors                                               Number of studies confirmed the risk factor   Summary odds ratios (p \< 0.05)   95% CI
  ---------------------------------------------------------- --------------------------------------------- --------------------------------- ------------
  History of CINV and/or Pregnancy-related Nausea/Vomiting   15                                            3.13                              2.40--4.07
  Sex = Female                                               18                                            2.79                              2.26--3.44
  Expectancy of CINV = Yes                                   6                                             2.61                              1.69--4.02
  Age = Younger                                              27                                            2.59                              2.18--3.07
  Anxiety = Yes                                              6                                             2.57                              1.94--3.40
  History of Morning Sickness = Yes                          6                                             1.97                              1.46--2.65
  Alcohol = Low                                              12                                            1.94                              1.68--2.24

The significance of this study is threefold. First, the current CINV guidelines that are basically based on emetic risks of chemotherapies can be considerably augmented using the findings from this review study (i.e., a comprehensive list of significant patient-related factors) so that oncologists can consider these factors when they predict CINV. Second, the findings of the study can be used to discover associations among those patient-related factors. While it is important to identify individual patient-related factors, the more important research would be to discover how those individual factors are associated with one another in terms of the risk of CINV. Third, this review may lay the foundation for improved CINV prediction models. Currently, CINV prediction models based on antiemetics and patient-related factors are unsatisfactory ([@B13]; [@B50]; [@B4]; [@B14]; [@B42]). This indicates that associations among patient-related factors are not fully identified, and/or there are some important, yet hidden, patient-related factors.

The study has some limitations and challenges. We might miss a few relevant studies. Retrieving all relevant documents is technically infeasible for all literature review studies, which is a well-known factor in the information retrieval field. In order to collect as many relevant studies as possible, we adopted a "broad" search strategy at the cost of precision. The studies included in this systematic review had various methodological designs and various statistical measures. Other variations include different phases (acute, delayed or overall) of CINV, various cycles of chemotherapy. One of the major challenges in this study was that all articles do not include the results for all phases (acute, delayed and overall) of CINV. As a result, in order to synthesize the analysis results of studies with different designs into one summary effect size for the entire phase, we used all the reported odds ratios for each phase and applied the random effect model instead of the fixed effect model. We excluded the pharmacogenomics studies. Pharmacogenomics was not within the scope of this study because the pharmacogenomics studies of CINV are sparse and limited. A review conducted by [@B58] on the pharmacogenomics of CINV summarized that "the role of pharmacogenetics in mechanisms of CINV has not been fully unravelled, and it is premature to implement results of pharmacogenetic association studies of antiemetic drugs in clinical practice." With the improvement in pharmacogenomics studies on CINV, a future systematic review will be needed to summarize the outcomes.

Conclusion {#s5}
==========

This systematic review study has identified and summarized patient-related factors scattered over various studies that significantly impact the risk of CINV. The identification of patients at high risk for CINV based on key risk factors prior to the initiation of a chemotherapy regimen is imperative. Oncologists may be able to selectively focus on more comprehensive antiemetic treatments on high risk patients. Although there are 28 significant risk factors, most studies used only two or three significant factors as well as many nonsignificant factors. Therefore, future studies are needed that include as many significant risk factors as possible to see how, in combination, they may affect the risk of CINV.
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